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的方法，用 IFN-γ、IL-2、CD3mAb 等细胞因子培养 CIK 细胞。在显微镜下观察
细胞生长状况，用台盼蓝染色法进行活细胞计数，记录生长曲线。用流式细胞术
对第 0、7、14 天的 CIK 细胞进行表型鉴定。为了观察 JAK-STAT 信号通路的激
活或抑制状态对 CIK 细胞发挥其肿瘤杀伤能力的影响，在 CIK 细胞培养过程中，
分组加入 JAK-STAT 信号通路的激活剂 pJAK2 多肽或化学抑制剂 AG490，分组
如下：CIK 组、激活剂 pJAK2 组、抑制剂 AG490 组和（pJAK2+AG490）联合组
（在 CIK 培养第 0-10 天加 25uM pJAK2 共培养，第 11-14 天换 50uM 或 75uM 
AG490 共培养）。以上各组细胞培养 14 天后，与靶细胞 HepG2 以效靶比 20：1
的比例混合培养，用 Alamar-Blue 法检测 36h、48h 各组 CIK 细胞对肝癌细胞系
HepG2 的细胞毒活性。用 Trizol 法提取各组 CIK 细胞的总 RNA，RT-PCR 法检
测 JAK-STAT 通路下游分子 SOCS1 的 mRNA 表达水平。 
在培养过程中，CIK 细胞第 4 天起开始出现成团生长，第 6-7 日起进入快
速生长期，到第 14 天时 CIK 细胞数扩增了约 248 倍。流式细胞术结果显示，CIK
细胞中 CD3+细胞亚群的比例在培养过程中不断提高，第 0、7、14 天时分别为
41.96%±3.1%、80.94%±7.91%和 92.81%±6.87%；经过 14 天的培养，CD3+CD56+
细胞亚群也由培养之初的 2.51%±0.5%上升到 20.56%±0.68%，CD4+、CD8+ 细胞
亚群的比例在第 0、7、14 天时分别为 22.81%±3.6%、54.43%±6.4%、68.72%±8.33%
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Alamar-Blue 法检测细胞毒活性结果如下：与 HepG2 共培养 48h 后，CIK 组
细胞对肝癌细胞 HepG2 的杀伤效率为 40.83%，pJAK2 组的 CIK 细胞对 HepG2
的肿瘤杀伤效率为 85.4%。使用抑制剂 AG490 共培养的 AG490 组 CIK，在 AG490
加药浓度为 50 uM 时，对 HepG2 的毒活性为 13.71%，当 AG490 浓度为 75 uM
时，对 HepG2 的毒活性为 3.62%。培养时先加激活剂 pJAK2 培养 10 天，后加抑
制剂 AG490 培养 4 天的（pJAK2+AG490）组，肿瘤杀伤能力介于 pJAK2 组和
AG490 组之间，即 AG490 浓度为 50 uM 时，CIK 对 HepG2 的毒活性为 42.14%；
AG490 浓度为 75 uM 时，CIK 对 HepG2 的毒活性为 25.25%。RT-PCR 结果显示：
CIK 组和 DMSO 组细胞中可检测到 SOCS1 mRNA，但含量低，而 pJAK2 组细胞
的 SOCS1 mRNA 表达量比 CIK 组高约 5.8 倍（p＜0.05），加入抑制剂 AG490 的
各组 CIK 中均未检测到 SOCS1 mRNA 的表达。 
细胞毒性实验说明：当 CIK 细胞中的 JAK-STAT 信号通路被 IFN-γ和 IL-2 激
活，并且活化时间被 pJAK2 多肽有效延长时，CIK 细胞对肝癌细胞 HepG2 的细
胞毒活性显著提高（p＜0.05）；当 CIK 细胞与 AG490 共培养时，JAK-STAT 信
号通路的活性被抑制剂 AG490 抑制时，AG490 组 CIK 细胞的肿瘤细胞毒活性也
明显降低（p＜0.05）；在先用 pJAK 共培养 10 天，后换用 AG490 培养的（pJAK2+ 
AG490）组实验组中，可以观察到 pJAK2 多肽有助于延长 JAK-STAT 信号通路




长时，CIK 细胞对肝癌细胞 HepG2 的细胞毒活性显著提高，当 JAK-STAT 被抑
制时，CIK 细胞对 HepG2 的肿瘤细胞杀伤能力明显降低。可见，JAK-STAT 信号
通路对 CIK 细胞发挥肿瘤杀伤活性确实有影响作用，且二者具有一定的正向关
系,从而为提高 CIK 细胞的肿瘤杀伤活性提供了一种新思路和途径。 
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Abstract 
     Cytokine-induced killer cell（CIK）is a group of heterogenous cells induced 
from human peripheral blood mononuclear cells(PBMCs), which have an antitumor 
activity. JAK-STAT signal pathway is closely relative to cell growth, proliferation, 
differenciation and apoptosis. As revealed, JAK-STAT pathway is involved in many 
activites of immune activities in human body. IFN-γand IL-2 are critical ligands of 
JAK-STAT, and also important cytokines used in CIK induction and activation. The 
purpose of this paper is to observe whether the status of the JAK-STAT pathway has 
an impact on the antitumor activity of CIK, so as to explore a new strategy to enhance 
the antitumor activity of CIK. 
PBMCs were separated by ficoll-hypaque and induced into CIK by IFN-γ, IL-2 
and CD3mAb according to the method covered by Wolf etc. The growth status of CIK 
was observed by a microscope. The amount of cells alive was counted by trypan blue 
dye method, and cell proliferation was also recorded. The cell phenotype was 
analysed by flow cytometry on day 0, 7 and 14. In order to find out the impact of 
JAK-STAT on CIK, cells were separated to several groups: CIK group, agonist 
pJAK2 group, inhibitor AG490 group and （pJAK2+ AG490）combined group. In the 
combined group, CIK cells were treated with 25uM pJAK2 on day 0-10 and changed 
with 50 uM or 75 uM AG490 on day 11-14. CIK was collected On day 14 and 
cocultured with HepG2 cells in the ratio of 20:1 for 36h or 48h. The cytotoxicity of 
CIK on HepG2 was detected by the Alamar-Blue method. Samples from all the CIK 
groups were collected, and the total RNA of these cells were extracted by Trizol, and 
the mRNA expression lever of SOCS was determined by RT-PCR.  
During the culture, CIK appeared to proliferate by congerating into cell groups 
on day 4. CIK began to enter the fast growing phase on day 6-7, and the cell amount 
on day 14 was 3.327×107, 248 times of cells on day 0. Flow cytometry revealed CD3+ 
subgroup in CIK constantly increased, the percentage of this subgroup in CIK was 
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percentage of CD3+CD56+ subgroup, main effector cells in CIK, also increased from 
2.51%±0.5% on day 0 to 20.56%±0.68% on day 14. And on day 0, 7 and 14, the 
percentage of CD4+ cells in CIK was 22.81%±3.6%, 54.43%±6.4% and 
68.72%±8.33%, and the percentage of CD8+ cells was 28.61%±4.75% 、
39.19%±4.03% and 27.42%±1.85% respectively. 
The cytotoxicity result: the cytotoxicity of CIK group on HepG2 cells was 
40.83%, and the cytotoxicity of the pJAK2-treated group on HepG2 cells was 85.4%. 
The cytotoxicity of AG490 group was 13.71% when treated with 50 uM AG490 and 
3.62% when treated with 75 uM AG490. The cytotoxicity of（pJAK2+ AG490） group  
was 42.14% when treated with 50 uM AG490 and 25.25% when treated with 75 uM 
AG490. Lower expression of SOCS mRNA was observed by RT-PCR in CIK group 
and DMSO control group, only about 1/6 compared to pJAK2 group（p＜0.05）. All 
the groups treated with AG490 were observed no evident SOCS mRNA expression.  
The results of cytotoxicity experiment showed, when the JAK-STAT pathway was 
activated and maintained effectively, the cytotoxicity of CIK on HepG2 tumor cells 
would remarkably enhanced（p＜0.05）, and it would obviously weakened when the 
pathway was inhibited（p＜0.05）.We observed that the treatment of pJAK2 peptide, 
the JAK-STAT agonist, could effectively  antagonize the inhibition of AG490 on 
JAK-STAT pathway in CIK, recovered the cytotoxicity of CIK on HepG2 cells. This 
antagonism effect was dose-dependent. 
In conclusion, the JAK-STAT pathway does have an influence on the antitumor 
activity of CIK.Our studies provide a new strategy to enhance the antitumor activity 
of CIK.  
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第一章  前言 
原发性肝癌是严重危害人类生命健康的重大疾病之一, 据统计，每年全球新









































1 CIK 细胞 
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1.3  CIK 细胞的作用机制 
    目前，针对CIK细胞的作用机制，还没有一个 终定论，但是有相关研究显
示了CIK细胞发挥肿瘤杀伤能力的几种可能途径。 





















1.4  CIK 细胞的研究现状 
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